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AB We have developed a genetic "intrakine" strategy to inactivate 

the CC-chemokine receptor 5 (CCR-5) , the principal cofeceptor for 
macrophage (M) -tropic HIV-1 viruses (Yang et al, 1997).. The inactivation 
of CCR5 was achieved by targeting a modified CC-chemokine (RANTES) to the 
lumen of the endoplasmic reticulum (ER) to block the transport of the 
newly synthesized CCR-5 . The transduced lymphocytes with the phenotypic 
CCR5 knockout were shown to be resistant to M-tropic HIV-1 infection. 

This 

study illustrated the feasibility of the intrakine strategy to 

block HIV-1 infection. In our current study, the potential clinical 

application of the intrakine approach was further evaluated in 

human peripheral blood lymphocytes (PBLs) . PBLs were transduced with the 

RANTES intrakine gene by using retroviral vectors with the 

truncated low-affinity human nerve growth factor receptor (deltaNGFR) 

marker, and then isolated by an anti-NGFR antibody/magnetic bead method. 

The surface expression of CCR-5 in the transduced lymphocytes was 

dramatically inhibited, as demonstrated by flow cytometric assays. The 

transduced PBLs were shown to resist various types of M-tropic HIV-1 

virus 

infection. The cell viability, cell proliferation rates, and cell surface 
markers of the intrakine-transduced PBLs were shown to be 
comparable to those of control PBLs. The transduced PBLs were also found 
to respond to the stimulation of various CXC- and CC-chemokines , other 
than RANTES. The transduced PBLs responded to tetanus antigen stimulation 
by increasing IL-2 production and cell proliferation. In addition, a 
functionally defective mutant of RANTES that retains its binding activity 



to CCR-5, but loses its signaling ability, was usd to generate a mutant 
RANTES intrakin^^phe primary lymphocytes transdu^Mi with the 
mutant RANTES inWakine were found to be resistan^to M-tropic 
HIV-1 infection. From these results, we conclude that the primary human 
lymphocytes transduced with either the wild-type or functionally 
defective 

RANTES intrakine are resistant to M-tropic HIV-1 infection, and 
maintain their basic biological functions. This study, therefore, 
indicates the potential clinical application of the intrakine 
approach for HIV-1 gene therapy. 
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AB CC-chemokine receptor (CCR)-5 is the principal coreceptor for the entry 
of 

macrophage (M) -tropic HIV-1 viruses into a cell, while CXC-chemokine 
receptor (CXCR)-4 is the principal coreceptor for T cell line (T) -tropic 
HIV-1. In this- study, we utilized a novel intracellular chemokine { 
intrakine) strategy to co-inactivate genetically both CCR-5 and 
CXCR-4 in human lymphocytes. The principle of co-inactivation of CCR-5 

and 

CXCR-4 was illustrated by targeting the CC-intrakine and CXC- 
intrakine to the lumen of the endoplasmic reticulum (ER) for 
intracellular blockade of the transport of newly synthesized chemokine 
coreceptors to the cell surface. The lymphocytes with the phenotypic 
knock-out of CCR-5 and CXCR-4 were found broadly to resist the infection 
of M-tropic, T-tropic and dual-tropic HIV-1 viruses. Moreover, the 
transduced lymphocytes retained normal cell features, including the 
responsiveness to mitogen and recall antigen stimulation. Thus, this 

study 

to our knowledge, is the first to demonstrate that genetic 
co-inactivation 

of the M- and T-tropic HIV-1 principal coreceptors in lymphocytes or 

other 

cells could be a viable strategy for the long-term control of HIV-1 
infection. 
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AB A genetic defect in a CC-chemokine receptor (CCR)-5, the principal 

coreceptor for the macrophage-tropic HIV type 1 (HIV-1) , recently was 
found to naturally protect CCR-5-def ective, but healthy, individuals from 
HIV-1 infection. In this study, we mimic the natural resistance of the 
CCR-5-def ective individuals by designing a strategy to phenotypically 
knock out CCR-5. The inactivation of the CCR-5 coreceptor is accomplished 
by targeting a modified CC-chemokine to the endoplasmic reticulum to 

block 

the surface expression of newly synthesized CCR-5. The lymphocytes 
transduced to express the intracellular chemokine, termed " 
intrakine, 11 were found to be viable and resistant to 
macrophage-tropic HIV-1 infection. Thus, this gene-based intrakine 
strategy targeted at the conserved cellular receptor for the prevention 

of 

HIV-1 entry should have significant advantages over currently described 
approaches for HIV-1 therapy. 
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AB CXC-chemokine receptor (CXCR) -4/f usin, a newly discovered co-receptor for 
T-cell line (T) -tropic HIV-1 virus, plays a critical role in T-tropic 
virus fusion and entry into permissive cells. The occurrence of T-tropic 
HIV viruses is associated with CD4-positive cell decline and progression 
to AIDS, suggesting that the T-tropic HIV-1 contributes to AIDS 
pathogenesis. In this study, we used a novel strategy to inactivate 

CXCR-4 

by targeting a modified CXC-chemokine to the endoplasmic reticulum (ER) 

to 

block the surface expression of newly synthesized CXCR-4. The genetically 
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modified lymphocytes expressing this intracellular chemokine, termed 11 
intrakine", areAnune to T-tropic virus infecti^^and' appear to 
retain normal b^Kogical features. Thus, this generic intrakine 
strategy is uniquely targeted at the conserved cellular receptor for the 
prevention of HIV-1 entry and may be developed into an effective 
treatment 

/ for HIV-1 infection and AIDS. 
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which uses modified chemokines (intrakines ) , trapped within the 
endoplasmic reticulum, to block expression of HIV co-receptors on the 

host 

cell surface. The purpose of jamming the cell's ER with a crowd of 
modified chemokines is that the entrapped stromal cell-derived factor-1 
(SDF-1) will form intracellular complexes with newly synthesized CXCR4 
proteins in the ER, preventing them from reaching the cell surface. 

Here, 

P. Lusso indicates some of the problems in adapting the system to in vivo 
results, including specificity and efficiency of transduction, expression 
of the therapeutic genes, retroviral vectors, and the immunol. competence 
of the transduced lymphocytes, following their reinfusion into the 
patient. However, a combination of therapeutic tools (drugs or genes) 
interfering with the viral life-cycle at several levels, may succeed in 
maintaining the level of viral replication below the threshold of 
immunol . 

damage . 
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AB Extension of recombinant human RANTES by a single residue at the 
amino terminus is sufficient to produce a potent and selective 

antagonist. \ 

RANTES is a proinflammatory cytokine that promotes cell 

accumulation and activa\tion in chronic inflammatory diseases. When mature 
RANTES was expressed hetferologously in Escherichia coli, the 
amino-terminal initiatingN^nethionine was not removed by the endogenous 
amino peptidases. This metKlonylated protein was fully folded but 
completely inactive in RANTES bioassays of calcium mobilization 
and chemotaxis of the promonoWtic cell line THP-1. However, when assayed 
as an antagonist of both RANTES. and macrophage inflammatory 
polypeptide-1 alpha (MIP-1 alphaNS in these assays, the 
methionylated RANTES (Met-RANTES)\inhibited the 
actions of both chemokines . T cellvchemo taxis was similarly 
inhibited. The antagonistic effect was selective since Met -RANTES 
had no effect on interleukin-8- or monocyte chemotractant 
protein-l-induced responses in these ce\Lls. Met-RANTES can 
compete with both [1251] RANTES and [125riIMP-l alpha binding to 
THP-1 cells or to stably transfected HEK^ells recombinantly expressing 
their common receptor, CC-CKR-1. These datk show that the integrity of 
the \ 

amino terminus of RANTES is crucial to recepttor binding and 
cellular activation. \ 
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AB Chemokines are a structurally related family of cytokines that 
are important for leukocyte trafficking. The C-C chemokine 
monocyte chemoattractant protein-1 (MCP-1) is a potent monocyte activator 
in vitro and has been associated with monocytic infiltration in several 
inflammatory diseases. One C-C chemokine receptor, CCR2, has 
been identified that mediates in vitro responses to MCP-1 and its close 
structural homologues. CCR2 has also recently been demonstrated to be a 
fusion cof actor for several HIV isolates. To investigate the 
normal physiological function of CCR2, we generated mice with a targeted 
disruption of the ccr2 gene. Mice deficient for CCR2 developed 
normally and had no hematopoietic abnormalities. However, ccr2(-/-) mice 
failed to recruit macrophages in an experimental peritoneal inflammation 
model. In addition, these mice were unable to clear infection by the 
intracellular bacteria, Listeria monocytogenes. These results 
suggest that CCR2 has a nonredundant role as a major mediator of 
macrophage recruitment and host defense against bacterial pathogens and 
that MCP-1 and other CCR2 ligands are effectors of those functions. 
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AB Monocyte chemoattractant protein-1 (MCP-1) is a potent agonist for 

mononuclear leukocytes and has been implicated in the pathogenesis of 
atherosclerosis and granulomatous lung disease. To determine the role of 
MCP-1 and related family members in vivo, we used homologous 

recombination 

in embryonic stem cells to generate mice with a targeted 
disruption of C-C chemokine receptor 2 (CCR2), the 

receptor for MCP-1. CCR2-/- mice were born at the expected Mendelian 
ratios and developed normally. In response to thioglycollate, the 
recruitment of peritoneal macrophages decreased selectively. In in vitro 
chemotaxis assays, CCR2-/- leukocytes failed to migrate in response to 
MCP-1. Granulomatous lung disease was induced in presensitized mice by 
embolization with beads coupled to purified protein derivative (PPD) of 
Mycobacterium bovis. As compared with wild-type littermates, CCR2-/- mice 
had a decrease in granuloma size accompanied by a dramatic decrease in 

the 

level of interferon gamma in the draining lymph nodes. Production of 
interferon gamma was also decreased in PPD-sensitized splenocytes from 
CCR2-/- mice and in naive splenocytes activated by concanavalin A. We 
conclude that CCR2-/- mice have significant defects in both delayed-type 
hypersensitivity responses and production of Thl-type cytokines. These 
data suggest an important and unexpected role for CCR2 activation in 
modulating the immune response, as well as in recruiting 
monocytes/macrophages to sites of inflammation. 
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AB beta-Chemokines and their receptors mediate the trafficking and 

activation of a variety of leukocytes including the lymphocyte and 

macrophage. An array of no less than eight beta-chemokine 

receptors has been identified, four of which are capable of recognizing 

the chemokines MlPlalpha and RANTES. Genetic 

deletion of one of the MlPlalpha and RANTES receptors, 

CCR5, is associated with protection from infection with HIV-1 in 

humans, while deletion of the ligand MlPlalpha protects against 

Coxsackie virus-associated myocarditis. In this report we show that the 

deletion of another receptor for MlPlalpha and RANTES, 

the CCR1 receptor, is associated with protection from pulmonary 

inflammation secondary to acute pancreatitis in the mouse. The protection 

from lung injury is associated with decreased levels of TNF-alpha in a 

temporal sequence indicating that the activation of the CCR1 

receptor is an early event in the systemic inflammatory response 

syndrome . 
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AB CC chemokine receptor 1 (CCR1) is expressed in 

neutrophils, monocytes, lymphocytes, and eosinophils, and binds the 
leukocyte chemoattractant and hematopoiesis regulator macrophage 
inflammatory protein (MIP) -lalpha, as well as several related CC 
chemokines. Four other CCR subtypes are known; their leukocyte and 
chemokine specificities overlap with, but are not identical to, 
CCR1, suggesting that CCR1 has both redundant and 
specific biologic roles. To test this, we have developed CCR1 
-deficient mice (-/-) by targeted gene disruption. Although the 
distribution of mature leukocytes was normal, steady state and induced 
trafficking and proliferation of myeloid progenitor cells were disordered 
in -/- mice. Moreover, mature neutrophils from -/- mice failed to 

chemotax 

in vitro and failed to mobilize into peripheral blood in vivo in response 
to MlP-lalpha. Consistent with this, -/- mice had accelerated 
mortality when challenged with Aspergillus fumigatus, a fungus controlled 
principally by neutrophils. To test the role of CCR1 in 



granuloma formalin, we injected Schistosoma rnans^ni eggs intravenously, 

and observed a reduction in the size of lung ^knulomas in -/- mice' 

compared to +/+ ^Tttermates . This was associated m/th increased 

interf eron-gamma and decreased interleukin-4 production in -/- versus +/ + 

lung lymph node cells stimulated with egg-specific antigen, suggesting 

that CCR1 influences the inflammatory response not only through 

direct effects on leukocyte chemotaxis, but also through effects on the 

type 1-type 2 cytokine balance. Thus CCR1 has nonreduridant 

functions in hematopoiesis, host defense, and inflammation. 
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AB Chemokines are a structurally related family of cytokines that 
are important for leukocyte trafficking. The C-C chemokine 
monocyte chemoattractant protein-1 (MCP-1) is a potent monocyte activator 
in vitro and has been associated with monocytic infiltration in several 
inflammatory diseases. One C-C chemokine receptor, CCR2, has 
been identified that mediates in vitro responses to MCP-1 and its close 
structural homologues. CCR2 has also recently been demonstrated to be a 
fusion cof actor for several HIV isolates. To investigate the normal 
physiological function of CCR2, we generated mice with a targeted 
disruption of the ccr2 gene. Mice deficient for CCR2 developed 
normally and had no hematopoietic abnormalities. However, ccr2 (-/-) mice 
failed to recruit macrophages in an experimental peritoneal inflammation 
model. In addition, these mice were unable to clear infection by the 
intracellular bacteria, Listeria monocytogenes. These results suggest 

that 

CCR2 has a nonredundant role as a major mediator of macrophage 
recruitment 



CCR2 



and host defense against bacterial pathogens and that MCP-1 and other 
ligands are effectors of those functions. 
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AB Chemokines are low molecular weight cytokines that induce 

extravasation, ^Mnotaxis, and activation of a variety of 

leukocytes. 

Members of the different chemokine families are defined by the 
orientation of specific critical cysteine residues, and are designated as 
C-X-C (e.g. interleukin-8) , C-C (e.g. regulated upon activation normally 

cell expressed and secreted, RRNTES) , or C (lymphotactin). All 
chemokines bind to members of a G-protein coupled serpentine 
receptor superfamily that span the leukocyte cell surface membrane seven 
times and mediate the biological activities of the individual ligands. 
Most chemokines possess two major binding surfaces: a high 
affinity site responsible for specific ligand/receptor interactions and a 
lower affinity site, also called the heparin-binding or 
glycosaminoglycan-binding domain, believed to be responsible for the 
establishment and presentation of chemokine gradients on the 
surface of endothelial cells and within the extracellular matrix. 
Although 

chemokines are clearly beneficial in wound healing, hemopoiesis, 
and the clearance of infectious organisms, the continued expression of 
chemokines is associated with chronic inflammation. Therefore, 
this class of cytokines are attractive targets for the creation of 
antagonists that abrogate one or more chemokine functions. It is 
envisioned that such antagonists could serve as a new class of 
anti-inflammatory drugs. In this commentary, we will discuss two 
different 

but related strategies for antagonizing chemokine-induced 
functions, namely, disruption of the low and high affinity 
binding sites. 
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AB Covalent single-chain dimers of the chemokine 

interleukin-8 (IL-8) have been designed to mimic the dimeric form of IL-8 
in solution and facilitate the production of heterodimer variants of 

IL-8 . 

Physical studies indicated that use of a simple peptide linker to join 

two 

subunits, while allowing receptor binding and activation, led to 
self-association of the tethered dimers. However, addition of a single 
disulfide crosslink between the tethered subunits prevented this multimer 
from forming, yielding a species of dimer molecular weight. Crosslinked 
single-chain dimers bind to both IL-8 neutrophil 
receptors CXCR1 and CXCR2 as well as to DARC, as does a double 
disulfide-linked dimer with no peptide linker. In addition, neutrophil 
response to these dimers as measured by chemotaxis or beta-glucuronidase 
release is similar to that elicited by wild-type IL-8, providing evidence 
that the dissociation of the dimeric species is not required for these 
biologically relevant activities. Finally, through construction of 



single-chain he ter odimer mutants, we show that on 
first subunit's^MR motif is the single-chain m 
variants. " 
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The chemokines are a homologous serum protein family 

characterized by their ability to induce activation of integrin adhesion 

molecules and leukocyte migration. Chemokines interact with 

their receptors, which are composed of a single-chain, 

seven-helix, membrane- spanning protein coupled to G proteins. Two CC 

chemokine receptors, CCR3 and CCR5, as well as 

the CXCR4 chemokine receptor, have been shown necessary for 

infection by several HIV-1 virus isolates. We studied the effect of the 

chemokine monocyte chemoattractant protein 1 (MCP-1) and of a 

panel of MCP-1 receptor {CCR2 ) -specif ic monoclonal antibodies (mAb) on 

suppression of HIV-1 replication in peripheral blood mononuclear cells. 

have compelling evidence that MCP-1 has potent HIV-1 suppressive activity 
when HIV-l-infected peripheral blood lymphocytes are used as target 



Furthermore, mAb specific for the MCP-1R CCR2 which recognize the third 
extracellular CCR2 domain inhibit all MCP-1 activity and also block MCP-1 
suppressive activity. Finally, a set of mAb specific for the CCR2 
amino-terminal domain, one of which mimics MCP-1 activity, has a potent 
suppressive effect on HIV-1 replication in M- and T-tropic HIV-1 viral 
isolates. We conjecture a role for CCR2 as a coreceptor for HIV-1 
infection and map the HIV-1 binding site to the amino-terminal part of 
this receptor. This concurs with results showing that the CCR5 
amino terminus is relevant in HIV-1 infection, although chimeric fusion 

various extracellular domains shows that other domains are also 
implicated. We discuss the importance of CCR2 structure relative to its 
coreceptor role and the role of anti-CCR2 receptor antibodies in the 
prevention of HIV-1 infection. 
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